Objective: To identify candidate categories for International Classification of Functioning, Disability and Health (ICF) Core Sets for the reporting and measurement of functioning in patients in early post-acute rehabilitation facilities. Design: Prospective multi-centre cohort study. Patients: Patients receiving rehabilitation interventions for musculoskeletal, neurological or cardiopulmonary injury or disease in early post-acute rehabilitation facilities. Methods: Functioning was coded using the ICF. The criterion for selecting candidate categories for the ICF Core Sets was based on their ability to discriminate between patients with high or low functioning status. Discrimination was assessed using multivariable regression models, the independent variables being all of the ICF categories of the respective comprehensive ICF Core Set. Analogue ratings of overall functioning as reported by patients and health professionals were used as dependent variables. Results: A total of 165 patients were included in the study (67 neurological, 37 cardiopulmonary, 61 musculoskeletal), mean age 67.5 years, 46.1% female. Selection yielded 38 cate gories for neurological, 32 for cardiopulmonary, and 31 for musculoskeletal. Conclusion: The present selection of categories can be considered an initial proposal, serving to identify the issues most relevant for the assessment and monitoring of functioning in patients undergoing early post-acute rehabilitation for neurological, cardiopulmonary, and musculoskeletal conditions.
INTRoduCTIoN
Following an acute episode of disease or an acute injury patients are at risk of experiencing a significant loss of functioning. Inactivity, immobility, complications and prevalent chronic conditions may have a wide range of adverse effects. Thus, many patients require specialized rehabilitation care. In addition to their rehabilitation needs, these patients may also have needs for ongoing extensive medical and nursing care. Early post-acute rehabilitation may be provided either in dedicated units of an acute care hospital or in specialized rehabilitation facilities. In some countries, such as Germany, there are early post-acute rehabilitation units for patients with any diagnosis, and units caring exclusively for patients with neurological conditions or for aged patients (1).
In situations entailing post-acute and long-term rehabilitation, professionals specialized in rehabilitation care provision should share a common understanding of functioning, and utilize clinical assessment instruments that are based on a standard model of functioning in order to optimize the management of the rehabilitation process. While a multitude of measuring instruments has been used in post-acute rehabilitation settings, typical instruments vary with respect to their underlying models and scales, and are tailored for specific populations or diagnoses. Accordingly, the methods differ in their sensitivity to discover incremental gains in recovery of functioning (2). Thus, there is urgent need for implementing improved and standardized outcome measurement in rehabilitation (3-4).
The International Classification of Functioning, Disability and Health (ICF), a part of the family of international classifications of the World Health Organization (WHO), provides a common framework for describing and classifying health and disability. The ICF classifies domains of functioning, along with their contextual factors, which are encountered in human life. As such, the ICF may arguably constitute a comprehensive framework and a guide for healthcare planning and for measuring the changes brought by interventions across a multitude of dimensions, from body functions to personal activities, societal participation and environmental factors. It also provides the potential framework for transition along the continuum of care. A classification must be exhaustive by its very nature and becomes very complex in daily use unless it is transformed into practice-friendly tools. Comprising over 1,400 categories, the entire volume of the ICF cannot be applied by the clinicians to all their patients. In daily practice clinicians will need only a fraction of the categories found in the ICF. Although there are generic instruments based on the ICF, which are designed as practical translations of the ICF and are usable across a wide range of applications, the generic character may be a drawback in specific settings. Thus, in this trade-off between generalizability and the need to capture the detail, the ICF must be adapted to the perspectives and needs of different users. The need to tailor ICF to the needs of particular contexts is the primary motivation behind the ICF Core Set project, which aims to extract selections of ICF categories from the entire classification that are relevant to specific health conditions or care situations. This on-going project of selection of the so-called ICF Core Sets will define common standards for what should properly be measured and reported.
In general, the ICF Core Set project seeks to define, on an empirical basis, the ICF categories relevant for the condition and rehabilitation of typical patients after an acute episode, especially when applied as an endpoint in clinical trials, or if it was identified as being relevant following discussion among health professionals (5). By including all theoretically relevant categories, the selection process is comprehensive, omitting only those factors that proved to be irrelevant to designing treatment strategy or assessing outcome. Due to the consensus process, the ICF Core Sets in their present version are comprehensive, with applicability for the assessment of individual problems and needs. As such, they permit the estimation of prognosis and the potential for rehabilitation, with general applicability for assessment of functioning in any rehabilitation situation. ICF Core Sets for early post-acute rehabilitation facilities were developed for patients with neurological, cardiopulmonary and musculoskeletal conditions (6-8). This stratification was based on practical considerations related to healthcare provision being organized according to organ system and the varying spectrum of problems experienced in patients with neurological, musculoskeletal and cardiopulmonary conditions. This approach was used in prior studies on functioning in the acute care situation (9) and verified by focus groups (10). They were validated in the patients' and healthcare professionals' perspective (11-13). They are intended to be practical and useful for healthcare professionals specialized in rehabilitation and involved in interdisciplinary rehabilitation teams. They are based on the experience of patients in need of medical, nursing and therapeutic management.
The comprehensive post-acute ICF Core Sets include 116 (neurological conditions), 84 (cardiopulmonary conditions) and 70 (musculoskeletal conditions) second-level ICF categories, respectively. However, a minimally sufficient data set, which is feasible in clinical practice, may encompass only 20 different concepts or topics, but not much more as contained in the comprehensive ICF Core Sets. Thus, subsets can be created from the comprehensive Core Sets, according to specific needs of the individual user. Specific methods have been proposed for identifying candidate categories for ICF Core Sets, selected from the comprehensive post-acute ICF Core Sets (14).
The objective of this study was to employ these methods for identifying candidate categories for ICF Core Sets out of the comprehensive post-acute ICF Core Sets for the reporting and measurement of functioning in patients in early post-acute rehabilitation facilities.
MeThodS
Detailed methods involved in the ICF Core Set development have been described elsewhere (14) . In brief, a prospective multi-centre cohort study was conducted from May 2005 to August 2008 in 9 early post-acute rehabilitation facilities in Austria and Germany, including 5 facilities specialized in geriatric rehabilitation. Patients were eligible for inclusion in the study if they were at least 18 years of age and were receiving rehabilitation interventions for musculoskeletal, neurological or cardiopulmonary injury or disease.
As described above, we have developed the ICF Core Sets in order to facilitate and encourage the use of the ICF in clinical practice and research. The ICF Core Sets are selections from the entire list of ICF categories, which emerged from a multi-stage consensus process seeking to identify those aspects of functioning most relevant for patients in specific settings or with specific health conditions. Three comprehensive ICF Core Sets were developed for patients with neurological, cardiopulmonary and musculoskeletal conditions in early post-acute rehabilitation facilities (6-8). The current study made use of these 3 comprehensive Core Sets for patient assessment.
For scoring of the Core Sets, the ICF suggests assigning qualifiers ranging from 0 to 4 for each category. Since the properties of all qualifiers are not yet sufficiently evaluated, in the present study we used a simplified qualifier, defined as follows. Each category of the components Body Functions and Activities and Participation was graded with the qualifiers 0 for "no impairment/limitation", 1 for "moderate impairment/limitation" and 2 for "severe impairment/limitation". The categories of the component Body Structures were graded with the qualifiers 0 for "no impairment" and 1 for "impairment". The categories of the component Environmental Factors were graded with 0 for "no barrier/facilitator" and 1 for "barrier/facilitator". Impairments of body functions or structures, and limitations or restrictions of activities and participation were recorded if they were directly associated with the condition necessitating rehabilitation.
To describe an overall view of functioning, the patients were asked to appraise their personal limitations in overall functioning using a horizontal visual analogue scale, ranging from zero, for complete limitation in all aspects of functioning to 10, for no limitation in functioning). Independently, and blinded to the patients' responses, the health professionals were asked to appraise their patients' functioning on the same analogue scale.
Patients were recruited and interviewed by health professionals trained in the application and principles of the ICF. Data was primarily collected from patients' medical record sheets, by interview of health professionals in charge of the patients, and by patient interviews. ICF Core Set categories were assessed within the first 24 h after admission (baseline).
The criterion for selecting candidate categories for the ICF Core Sets was based on their ability to discriminate between patients with high or low functioning status. Discrimination was assessed using multivariable regression models, in which the independent variables were all of the ICF categories of the respective comprehensive ICF Core Set. Analogue ratings of overall functioning as reported by patients and health professionals were used as dependent variables. To improve prediction accuracy, and to derive small subsets of independent variables having the strongest effects on the dependent variable, we used the least absolute shrinkage and selection operator (LASSO) (15) . This procedure minimizes the residual sum of squared errors with a bound on the sum of the absolute values of the coefficients. To avoid large variance, as often occurs in ordinary least square regression, the LASSO sets some regression coefficients to zero and shrinks others based on a preset regularization parameter, the so-called penalty. Thus, the method acts recursively to select valid subsets with adequate discrimination.
To validate the approach for selection of ICF Core Sets described above, we additionally used the Random Forest algorithm, which is based on Classification and Regression Trees (CART) non-parametric regression techniques. CART divides a population into several subpopulations depending on certain characteristics defined by successive binary splits in predictor variables. In the course of the iterations, successive subpopulations emerge as increasingly homogenous with respect to the outcome variable, which in this case is the overall functioning as reported by patients and health professionals. Of the many different ways to construct CART, we employed the technique proposed by .
All data analyses were carried out with R 2.9.0 (18).
ReSulTS
A total of 165 patients were included in the study; 67 with neurological, 37 with cardiopulmonary and 61 with musculoskeletal conditions. Mean age was 67. Selection of categories along with information on the corresponding comprehensive ICF Core Sets is shown in Tables  II-V. dISCuSSIoN For a sample of 165 patients undergoing post-acute rehabilitation we identified candidate categories for brief ICF Core Sets extracted from the comprehensive ICF Core Sets. These candidate categories provide a practical alternative to the lengthy comprehensive sets, in providing a minimal standard for measuring and communicating patients' functioning.
The results of the selection processes have high face validity, as the selected categories seem to accurately represent the relevant issues in the early post-acute situation.
For patients with neurological conditions, the selected categories of the component Body Functions generally reflect the typical spectrum of problems that have to be monitored, namely cognitive and speech functions, blood pressure, respiration, ingestion, urination, weight maintenance and gait pattern (19). The component Activities and Participation was represented by a number of categories from the chapters Mobility and Self-care, which are also highly relevant. Indeed, these are issues typically also covered by the instruments most commonly used in early post-acute rehabilitation facilities (20), the Functional Independence Measure (FIM) (21) and the Barthel Index (BI) (22). Additionally, categories were included that are important for the monitoring of therapy efficiency, and that are very often limited in patients with neurological conditions, namely Listening (d115), Acquiring skills (d155) and Solving problems (d175) (23). Also, products and technology Sensations related to muscles and movement functions × × × b810
Protective functions of the skin
Repair functions of the skin × × Other purposeful sensing
Acquiring skills
Carrying out daily routine × × × d240
Handling stress and other psychological demands
Communicating with -receiving -spoken messages × × d315
Communicating with -receiving -nonverbal messages × d330
Producing nonverbal messages
Using communication devices and techniques × d410
Changing basic body position
Maintaining a body position
Lifting and carrying objects
Fine hand use (picking up, grasping)
hand and arm use
Moving around in different locations
Moving around using equipment
Caring for body parts
Looking after one's health
Religion and spirituality × × d940
Human rights × Spinal cord and related structures × s130
Structures of meninges × s410
Structure of cardiovascular system × × × s430
Structure of respiratory system × × × s530
Structure of stomach × s710
Structure of head and neck region × × s720
Structure of shoulder region × × s730
Structure of upper extremity
Structure of pelvic region × s750
Structure of lower extremity × × s760
Structure of trunk × × s810
Structure of areas of skin × × × for personal use, mobility and communication are relevant as factors that are preconditions for successful reintegration into the community. For patients with cardiopulmonary conditions, the selected categories for the component Body Functions relate to functions that will typically be monitored in the post-acute situation, namely heart functions and respiratory functions. A large part of the included categories describe higher integrated mental functions. Orientation, attention and sleep functions are particularly relevant for older patients with cardiovascular disease. Repair functions of the skin and protective functions of the skin point at the sequels of surgery. Categories of the component Activities and Participation include basic activities of daily living as well as psychosocial issues such as making decisions and handling stress, both important for long-term outcome of cardiopulmonary disease (24). Focus of the selected categories of the component Environmental Factors was in the area of psychological and psychosocial stress as potentially triggered by attitudes of family members and friends, as well as by social norms.
For patients with musculoskeletal conditions, many of the selected categories from both Body Functions and Activities and Participation referred to mobility and pain. Very typically, patients with musculoskeletal conditions are characterized by pain, limited mobility, subsequent loss of sleep and loss of function of the musculoskeletal system leading to restrictions in activities of daily living such as self care and ambulation. Major goals or post-acute rehabilitation are thus to enable patients to move and perform self care activities safely and independently, with the ultimate goal of resuming domestic and workplace activities (25). Likewise, selected categories from the component Environmental Factors refer mainly to assistive products for personal use and mobility.
The aim of this study was to define practical and feasible ICF Core Sets with no more than 20 items or ICF categories. In general, the criterion feasibility is satisfied when a measure can, in practical terms, be applied by health professionals, given circumstances of restricted time and resources. With this in mind, we sought in the present study to define practical and applicable ICF Core Sets with no more than 20 items or ICF categories. This upper limit was based on the precedent set by generic health status measures, and the practical requirement for a measure to be completed in a 20 min interview. The briefer ICF Core Sets emerging in the present study are generally Individual attitudes of immediate family members
Individual attitudes of extended family members
Individual attitudes of friends
Individual attitudes of people in positions of authority × e440
Individual attitudes of personal care providers and personal assistants × e450
Individual attitudes of health professionals
Individual attitudes of other professionals × × e465
Social norms, practices and ideologies
Legal services, systems and policies × × e555
Associations and organizational services, systems and policies × × e570
Social security, services, systems and policies × × e575
General social support services, systems and policies × × e580
Health services, systems and policies × × × feasible in the post-acute situation, albeit containing slightly more than 20 categories to assess functioning. We proposed assessing a total of 21-29 categories from the components Body Functions and Activities and Participation, and, eventually, supplemented by 6-10 categories from Environmental Factors. Use of categories from Body Structures would depend on the underlying health condition, as required by the routine medical assessment. Among the limitations of this study, it must be considered that selection bias may have occurred due to the use of a convenience sample of patients. Still, the spectrum of impairments and limitations encountered in our group of patients was consistent with the results from similar studies (26-27). Another limitation might arise from the statistical selection process. Although we used 2 established methods, a split sample approach might have proved superior validation of the results. However, this approach was not possible because of the limited sample size. Further studies of sufficient size would more firmly establish the validity of the proposed selection, and would yield more insights into the association structures (28) and potential scale attributes (29) of the categories.
Defining ICF Core Sets for patients in post-acute rehabilitation facilities has the advantage of providing the potential framework for standardized reporting and measurement and setting the framework along the continuum of care. ICF Core Sets encourage measurement of health status from a patientcentred and multi-professional perspective. This is not a generic, but a focused approach, taking into consideration the special needs and characteristics of that population.
In conclusion, the present selection of categories can be considered an initial proposal, serving to identify the issues most relevant for the assessment and monitoring of functioning in patients with neurological, cardiopulmonary, and musculoskeletal conditions. The main strength of the study lies in the selection of a restricted set of categories, facilitating the inclusion of ICF Core Sets into daily clinical routine. If it should occur that important categories are missing from the briefer Core Sets, the comprehensive ICF Core Sets could easily be used to reconfigure the assessment. Also, for patients with multiple diagnoses or for aged patients, a more generic Set could be constructed, containing all categories from the 3 comprehensive post-acute ICF Core Sets. Another advantage of the proposed selection is derived from its participatory approach, taking into consideration the perspectives both of patients and healthcare professionals. Thus, the ICF Core Sets for post-acute rehabilitation facilities can contribute substantially to the optimal management of patients, the teaching of health professionals, the planning of studies and the development of new assessment instruments.
